SUMMARY. Three-dimensional counter-diffractometer data corrected for absorption and a full matrix least-squares method have been used to refine the crystal structure of an oxy-kaersutite in the space group C2/m. The chemical composition of the amphibole is Nao'513Ko.434Ca"916Mg3"ssFert64 Tio.515Mno.oo9Alo.37QSi5.878AI2'1220d02-)2 with cell parameters a 9'8920(1 I), b 18'064(2), C 5'3II6(7)A and f3 105'388(5)°. Cation site occupancies were refined using bulk chemical constraints and the A-site positionally disordered. The final conventional R-factor for 1041 observed reflections is 4'0 %.
an extremely fine-grained matrix. The crystals were removed with a needle, polished to remove any traces of the matrix and crushed to 100 mesh. The powder was examined under a microscope and found to be pure. This powder was then analyzed by wet chemical methods and the results are given in Table 1 . Single-crystal precession photographs show sharp diffraction maxima with no evidence of streaking or subsidiary maxima. The diffraction symmetry, 2/mC-/-, is consistent with the space groups C2, Cm, and C2/m; as a result of a statistical test made on the data the centric space group C2/m was chosen.
Unit cell dimensions were determined by a least-squares method using 3 I carefully selected reflections measured manually on a GE-XRD6 semi-automatic single-crystal diffractometer, and are listed in Table I together with other information pertinent to this crystal. Data collection and reduction methods are identical to those reported by Hawthorne and Grundy (r973) .
Refinement of the structure. The final atomic coordinates and temperature factors of ferrotschermakite (Hawthorne and Grundy, 1973) were used as initial parameters for the least-squares program.' Atomic scattering factors were taken from IDoyle and Turner (r968), Tokonami (r965), and Cromer and Mann (1968) .
One cycle of full matrix least-squares refinement varying the atomic positions2 reduced the R-factor from 34 % to 18 % where R =~jFobs-Fcalcl/~IFobsl. Site occupancies were then adjusted to agree with the chemical analysis (Table I) and varied for two cycles during which the R-factor dropped to II %. By varying the isotropic temperature factors with all else fixed, the R-factor was further reduced to 8 %. Numerous subsequent cycles ofrefinement varying the atomic positions, isotropic temperature factors, and site occupancies resulted in an R-factor of 7'3 %. On the basis of Fourier sections through the A-site (Hawthorne and Grundy, 197Z) and the regular distributions of the peaks and troughs in the different Fourier sections, the A-site was positionally disordered both in the mirror plane and along the twofold axis. The starting parameters for the disordered A-site atoms were taken from Fourier maps. One cycle of least-squares refinement varying the atomic positions and occupancies of these disordered sites reduced the R-factor from 7'3 % to 5'4 % and the weighted Rw-factor from 7.6 % to 5'6 % where Rw = P:W(Fobs-Fcalc)2/~wF~bs]t and w = I. This improvement is significant at the 0'005 level (Hamilton, 1965 ). The temperature factors were then converted to anisotropic and several cycles of leastsquares, gradually increasing the number of parameters varied, resulted in convergence at an R-value of 4'3 %. At this stage these parameters were used as input to the least-squares program REFINE with which it is possible to apply chemical constraints during the leastsquares fitting procedure (Finger, 1969a, b) . Initial tetrahedral Al occupancies were assigned on mean bond length criteria (Papika et al., 1969) . Bulk chemical constraints were applied to the occupancies of all sites according to the chemical analysis; because the A-site is positionally disordered into the A(z) and A(m) sites, a chemical constraint cannot be applied in terms of Na+ and K + but solely in terms of the number of electrons. The refinement converged I at an R-factor of 4'0 %. The final atomic positional parameters and equivalent isotropic temperature factors are presented in Table II . Interatomic distances and angles were calculated using the program ERRORS in which the errors are calculated using the full variance-covariance matrix (Finger, (2) 1.680
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[through 0(6)] (5) 2'803(5) A 0(1)-0(6) 2'770(9) 0(1)-0 (7) 2'755(6) 0 (5)-0(6) 2'688(6) 0(5)-0 (7) 2'707(4) 0(6)-0 (7) 2'731(5) Table V . The magnitudes and orientations of the principal axes of the thermal ellipsoids were calculated and are presented in Table VI . The values shown in these tables are physically realistic and are very similar to those of other calcic amphiboles, which have been discussed elsewhere (Papike et al., 1969 ) and therefore will not be considered any further in this paper.
Discussion' Tetrahedral cation sites. As in the case of the Kakanui hornblende and the Krichterite (Papike et al., 1969) , the tetrahedral aluminium of the oxy-kaersutite is , Fig. 1 illustrates the basic structure of kaersutite and the atomic nomenclature used in this discussion.
TAB LEI V. Selected interatomic angles
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136"4(3) 0(5)-0(6)-0(5) 162'9(2) 0(5)-0(7)-0(6) 16 ['8(2) strongly ordered into T(I), which is the larger of the two tetrahedral cation sites. However, both site refinement and bond length criteria (Papike et al., 1969; Hawthorne and Grundy, 1973) indicate that sufficient AJ3+ occurs in T(2) to avoid any AI-O-AI linkages across the 0(7). Thus Lowenstein's Al avoidance rule (Lowenstein, 1954) need not be violated in this particular amphibole. A similar result has also been obtained by the refinement of an aluminous hastingsite containing 2'73 tetrahedral AJ3+ ions per formula unit (in progress).
In the c1inoamphiboles the amount of kinking in the tetrahedral chain is indicated by the 0(5)-0(6)-0(5) angle. Fig. 2 is a plot of this angle against tetrahedral aluminium content for the Ca-rich c1inoamphiboles. It is apparent that the substitution of the larger AJ3+ ion for Si4+in the tetrahedral chain results in a systematic decrease in the Octahedral cation sites. Cations were assigned to sites on the basis of crystal chemical criteria. Due to its relatively large ionic radius all Ca2+ was placed in M(4) where the mean metal-oxygen distance is significantly larger than those of the octahedral sites Table IlIa ). The small amount of Mn2+ was also assigned to M(4) on the basis of site preference shown by refinement of the structure of Mn-cummingtonite (Papike et al., 1969; Hawthorne and Grundy, in progress) . Previous refinements of normal hydroxy-amphiboles (Papike and Clarke, 1968; Hawthorne and Grundy, 1973) indicate that the trivalent ions show a strong site-preference for the M(z) octahedron; this is to be expected because of the highly under bonded nature of 0(4). Consequently all the AI3+ and Ti was assigned to M(z). In tremolite, where all the octahedral sites contain just one type of ion, the mean M(z) metal-oxygen distance is greater than those of the M(I) and M (3) (4) 74 (12) 87 (20) 177 (21) o'089 (4) 22 (9) 107 (7) 91{1 I) T (2) o'071 (4) 72 (15) 19 (12) 101(19) o'079 (4) 116 (28) 88 (23) 138 (28) 0'084(3) 147 (25) 71 (12) 50 ( (8) 103 (14) 90 151(14) 0'108 (6) 13 ( (8) 81 (242) 39 (147) 56 (277) 0'094(8) 39 (75) 73 (252) 138 (255) 0'107(8) 52 (26) 124 (24) 68 (26) 0(2) o'088 (8) 18 (20) 98 (49) 122 (43) o'094 (8) 94 (59) 39 (23) 126(42) 0'110 (7) 72 (15 (7) 27(13) 97(9) 80(14) 0(5) 0'082(9) 102(9) 126(7) 36(7) O'I17 (7) 154 (17) 102(16) 98( 13) O'134 (7) 113 (18) 39(8) 55(7) 0(6) O'077{ 10) II 6(9) 46(7) 48(6) O'120 (7) I 54 (9) 112 (14) 88 (15) 0' 136 (7) 86 (17) 128 (10) 42 ( 6) 0(7) 0' I 02{ II) 90 0 90 0'1 I 1(1 I) 160(9) 90 94 (9) 0' 160{1O) II 0(9) 90 4(9)
The angular distortions in the octahedral strip of oxy-kaersutite are similar to those seen in other calcic cIinoamphiboles; all are apparently due to cation-cation repulsion across the shared edges with the exception of those also influenced by the necessary articulation requirements in the cross linkage of the octahedral and tetrahedral elements of the structure.
The distortion of an individual octahedral site may be estimated by the deviations of the cation-anion distances within the octahedron from their mean. It is profitable to examine the distortions of the M(I), M(z), and M(3) octahedra in oxy-kaersutite with respect to those in Kakanui hornblende, which has a very similar chemical et at., 1969) . 2. Tremolite, x-ray and neutron data (Hawthorne and Grundy, in preparation). 3. Actinolite (Mitchell, Bloss, and Gibbs, 1971) . 4. Barkevikite (unpublished data). 5. Ferrohastingsite (unpublished data). 6. Ferrotschermakite (Hawthorne and Grundy, 1973) .7. Kakanui hornblende (Papike et at., 1969) . 8. Oxy-kaersutite (this study).
composition (Table VII) . The distortions shown by the M(2) and M(3) octahedra are almost the same for both structures, whereas a comparison of the M(r) octahedra shows marked differences. The increased distortion of the M(r) octahedron in oxy-kaersutite relative to Kakanui hornblende may be explained by a qualitative analysis of the dehydroxylation process that has occurred in this amphibole. For iron-rich amphiboles the oxidation reaction may be written (Ernst and Wai, r970) as Fe2LO-H -0>-Fe3+-O+ r/2H2t. This reaction will produce a bond valence deficiency on the 0(3) anion and a bond valence excess on the O(r) and 0(2) anions unless a readjustment in the positions of the neighbouring atoms takes place. In particular the M(I)-0(3) distance has to be reduced in order to maintain local electrostatic neutrality"
The atoms involved in this reduction are the oxygen atoms at the 0(3)U and 0 (3) From a simple electrostatic viewpoint the increased charge on the M( r) site due to oxidation of iron should result in an increased cation-cation repulsion across the shared 0(3U)-0(3d) octahedral edge. This effect is not apparent as the M(r)-M(r) distance in oxy-kaersutite is substantially decreased rather than increased relative to that in the Kakanui hornblende. The 0(3U)-0(3d) shared edge of the M(r) octahedra is the shortest octahedral edge in the hydroxyl amphiboles. This may be attributed to the high electro negativity of hydrogen, which, through the withdrawal of charge from the 0(3) oxygen to which it is coordinated, tends to reduce the repulsive forces in the 0(3U)~0(3d) octahedral edge. It may be expected therefore that the removal of hydrogen from an hydroxy-amphibole would result in an increased anion-anion repulsion and a corresponding expansion of this edge. This is not the case as the 0(3)U-0(3)d edge in oxy-kaersutite is almost identical to that in the Kakanui hornblende. As there is no increase in size it may be assumed that the shielding properties of this edge with regard to the neighbouring M(r) cations will improve and consequently allow a much greater contraction in the M(r)-M(r) separation than would otherwise occur. Obviously factors of quite local nature are involved in the attainment of electrostatic neutrality during the dehydroxylation, a decrease in the M(r)-M(r) distance being preferred over any substantial shortening of the 0(3U)-0(3d) octahedral edge; this must therefore be energetically more favourable. Conclusion. Two main conclusions may be drawn from the above work. Firstly, the substitution of AP+ for Si4+into the tetrahedral chain of the Ca-rich clino-amphiboles results in an increased kinking of the chain and is due to linking the relatively flexible but enlarged double chain to a much more rigid octahedral strip. Secondly, the bulk of the structural relaxation takes place in the M(!) octahedra during the dehydoxylation of kaersutite and gives an equilibrium configuration of higher energy than that occurring in the hydroxy-amphiboles. This is the direct result of bond valence requirements versus cation-cation and anion-anion repulsive forces.
